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Abstract: Despite increased availability of effective drug therapy for treatment of heart failure
(HF), the morbidity and mortality in chronic heart failure (CHF) are unacceptably high. Therefore,
there is an urgent need to ascertain new imaging techniques to identify early sub-clinical forms
of cardiac dysfunctions, to guide early relevant treatment. It seems that all the behavioral risk
factors—such as tobacco, alcoholism, Western-type diet, sedentary behavior and obesity, emotional
disorders, and sleep disorder are associated with early cardiac dysfunction, which may be identified
by speckle-tracking echocardiography (STE). Cardiac remodeling can also occur chronologically
in association with biological risk factors of CHF, such as diabetes mellitus (DM), hypertension,
cardiomyopathy, valvular heart disease, and coronary artery disease (CAD). In these conditions,
twisting and untwisting of the heart, cardiac fibrosis, and hypertrophy can be identified early and
accurately with 2-Dimentional (2D) and 3D echocardiography (2D echo and 3D echo) with tissue
Doppler imaging (TDI), strain imaging via STE, and cardiac magnetic resonance imaging (CMR).
Both 2D and 3D echo with STE are also useful in the identification of myocardial damage during
chemotherapy and in the presence of risk factors. It is possible that global longitudinal systolic strain
(GLS) obtained by STE may be an accurate marker for early identification of the severity of CAD
in patients with non-ST segment elevation MI. Left ventricular ejection fraction (LVEF) is not the
constant indicator of HF and it is normal in early cardiac dysfunction. In conclusion, this review
suggests that GLS can be a useful early diagnostic marker of early or pre-cardiac dysfunction which
may be treated by suitable drug therapy of HF along with the causes of HF and adhere to prevention
strategies for recurrence. In addition, STE may be a superior clinical tool in the identification of
cardiac dysfunction in its early stages compared to ejection fraction (EF) based on conventional
echocardiography. Therefore, it is suggested that the chances of either stalling or reversing HF are far
better for patients who are identified at an early stage of the disease.

Keywords: myocardial dysfunction; hypertrophy; heart enlargement; stages of heart failure;
speckle-tracking echocardiography

1. Introduction

Chronic heart failure (CHF) continues to be associated with considerable worldwide
morbidity and mortality [1]. Early diagnosis in the first 2–3 stages of the six stages of
HF may be useful in the reversal of HF [2,3]. The Cleveland Clinic and other experts
have classified HF into four stages—A, B, C, and D [3–6]—which are different from the
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New York Heart Association (NYHA)’s classes I–IV [1]. There are gaps in the knowledge
about when to institute drug therapy despite the increased availability of four pillars of
pharmaco-therapy for the treatment of HF [7,8]. Early identification of HF requires the
establishment of new imaging techniques to guide treatment of patients presenting with
biological risk factors—such as obesity, diabetes mellitus (DM), hypertension (HTN), and
coronary artery diseases (CAD)—as well as those with acute coronary syndromes [9]. Apart
from biological risk factors, behavioral risk factors may also cause pre-heart failure (PHF),
which may be diagnosed via speckle-tracking echocardiography (STE) [9–11]. Advanced
cardiac imaging has progressed significantly which serves as a major diagnostic, as well as
a prognostic tool [11–14]. It seems that patients with CHF need continuous follow-up along
with imaging such as 2D echo or STE and stress imaging to identify HF in early stages.
Echocardiography can guide therapy and related procedures concerning intervention for
the better prognosis of HF patients [11,12]. This communication was designed to highlight
the important role of biomedical, biological, and behavioral risk factors in an early stage of
HF or PHF and moreover to emphasize on the significance of such cardiac clinical tools
and imaging techniques as STE, echocardiography, and CMR to aid early diagnosis process
leading to early treatment of the disease.

2. Risk Factors of Pre-Heart Failure (PHF)

There is much evidence that an increase in the dysfunction of myocardial tissue pre-
disposes to reduced pumping activity, which worsens the clinical and biological functions
of the heart, because cardiac muscle pumps less blood to organs, leading to the various
stages of HF [3–7]. In the treatment of HF, the goal is to reduce worsening of failure from
progression through the stages, or to slow down the progression of failure to advanced
stages of HF [4–7]. It is crucial to target HF before its clinical manifestation, at the stage of
PHF, during asymptomatic phase. There is an unmet need to identify PHF in the early stage
in the population via 2D and 3D STE among subjects predisposed to risky health behaviors
and risk factors of PHF. The risk factors of PHF could be behavioral as well as biological.
However, the risk of these risk factors can be variable due to presence of protective factors,
which may blunt the adverse effects of these risk factors on cardiac function. Figure 1
illustrates the pathways for the development of cardiac dysfunction leading to pre-heart
failure, while Table 1 shows the risk factors and protective factors of HF.
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Table 1. Risk factors and protective factors of heart failure.

Behavioral Risk Factors Biological Risk Factors Protective Factors

Western diet Hypertension Mediterranean-style diet

Tobacco use Diabetes mellitus Exercise training

Alcoholism Coronary artery disease Yoga posture

Mental disorders Metabolic syndrome Circadian restricted, day
eating

Cardiotoxic drugs; cancer
drugs Rheumatic heart disease Intermittent fasting

Sleep disorders Cardiomyopathy Optimal sleep

Sedentary behavior Obesity Meditation and prayer

3. Effects of Behavioral Risk Factors on Development of Pre-Heart Failure

Table 2 illustrates the effects of behavioral risk factors on pre-heart failure of the
six stages of HF via speckle-tracking echocardiography. The six stages of HF have been
proposed to identify earliest changes in cardiac dysfunction because early diagnosis may
be useful in the primordial prevention [13,14]. There is much evidence that behavioral risk
factors can independently predispose PHF [9,10]. It seems that STE, via 2D and 3D echo, has
demonstrated abnormalities in global longitudinal strain (GLS) and area strain, indicating
PHF in patients with primary risk factors [1–4]. There is an unmet need to conduct STE
studies among patients with these risk factors for early diagnosis of PHF [9,10]. These
patients with behavioral risk factors may not reveal any clinical manifestations of HF, and
2D echo may be within normal limits [9,10]. Early diagnosis at the stage of PHF, at first two
stages of the six stages of HF, may be useful while treating for the reversal of HF [9,10].

Table 2. Effects of behavioral risk factors on pre-heart failure of the six stages of heart failure via
speckle-tracking echocardiography.

Stages of HF Tobacco
Smoking Alcoholism Western Diets Sleep

Disorders
Emotional
Disorders

Sedentary
Behaviors

Stage A Normal GLS Normal GLS Normal GLS Normal GLS Normal GLS Normal GLS

Stage B Normal GLS Preserved GLS Normal GLS Preserved
GLS Normal GLS Normal GLS

Stage C Preserved GLS Preserved or
reduced GLS Preserved GLS Preserved or

reduced GLS Preserved GLS Preserved GLS

Stage D Slightly
Reduced GLS Reduced GLS Slightly

Reduced GLS Reduced GLS Slightly
Reduced GLS

Slightly
Reduced GLS

Stage E Moderately
reduced GLS

Heavily
reduced GLS

Moderately
reduced GLS

Heavily
reduced GLS

Heavily
reduced GLS

Heavily
reduced GLS

Stage F Heavily
reduced GLS

Heavily
reduced GLS

Heavily
reduced GLS

Heavily
reduced GLS

Heavily
reduced GLS

Heavily
reduced GLS

GLS = global longitudinal strain, HF = heart failure.

Previous studies indicated that Western-type diets rich in sweetened products, tobacco
and alcoholism, short sleep, stress, and depression are known to be associated with in-
creased risk of cardiovascular diseases (CVDs), including HF [15–27]. All these risk factors
are known to cause oxidative dysfunction of the myocardium leading to HF [10,18]. Using
2D-STE myocardial imaging tobacco smoking has been confirmed to have adverse effects on
the myocardium [17,28,29]. The global longitudinal strain (GLS), as assessed by 2D speckle-
tracking echocardiography, was also significantly reduced in smokers (p < 0.05) [28,29]. It
is possible that chronic tobacco smoking alters long-axis diastolic and systolic functions
in healthy hearts with influence on the right ventricle, which may be detected early with
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2D STE [28,29]. In another study of 100 healthy males (50 smokers and 50 non-smokers),
all subjects underwent echocardiography to compare diastolic function of the left (LV)
and right ventricles (RV) and examined the chronic and acute effects of smoking [28]. The
atrial late diastolic mitral inflow velocity (Am) and atrial late diastolic septal mitral annular
velocity were high in smokers compared to those of the control group before smoking.
After 5 min, isovolumetric relaxation time (IVRT) was prolonged, and septal mitral annular
velocity showed an increase as a sign of left ventricular diastolic dysfunction. In the right
ventricle, the changes that occurred were similar and in favor of acute diastolic dysfunction.
After 30 min, early diastolic tricuspid inflow (Et) decreased and septal mitral annular
velocity and late diastolic tricuspid inflow (At) remained high. After 5 min, diastolic blood
pressure increased but returned to normal after 30 min. However, pulmonary arterial
pressure did not change before and after smoking. Smoking for a longer time causes left
ventricular diastolic dysfunction, whereas acute intake causes left and right ventricular
diastolic dysfunction [28]. Similar results have been found due to adverse effects of acute
smoking in an earlier study [29].

Emotional stress may be a risk factor for CVDs, including HF [19–25]. In a cohort study,
among 82,695 men, during a follow-up of mean 7.8 years (646,989 person-years), 3473 males
had HF [19]. After controlling for time in sedentary behavior, HTN, DM, dyslipidemia,
tobacco smoking, body mass index (BMI), and diet, the hazard ratio (95% confidence
interval (CI)) of HF in the category of lower physical activity compared to subjects in the
highest category was 1.52 [19]. Those in the category of medium physical activity also
had greater risk (HR, 1.17 (95% CI, 1.06–1.29)). Medium sedentary time also conveyed
risk (hazard ratio, 1.13) [19]. Sedentary behavior may be a risk factor for CHF. Among
patients either with or without CAD, greater mental distress was associated with higher
cardiovascular events in the future [22–25].

Increased heart rate can interfere with normal heart function and increase the risk of
sudden cardiac arrest in patients with HF. Mental stress may also increase blood pressure
in HTN and can lead to coronary disease, as well as weakening of the cardiac muscle and
the immune system, leading to HF. There is much evidence that depression may predispose
to increased platelet reactivity, decreased heart variability, and increased pro-inflammatory
cytokines, which are all risk factors for HF [22–24]. In a cohort study of 136,637 patients
with mental disorders—along with patients of post-traumatic stress disorder (PTSD), acute
stress reaction, adjustment disorder, and other stress reactions—in which all subjects were
followed up for 27 years and including 171,314 unaffected full siblings of these patients and
1,366,370 matched unexposed people from the general population [23]. The crude incidence
rates of any CVDs were 10.5, 8.4, and 6.9 per 1000 person years during the follow-up of
27 years. In sibling-based comparisons, the HR for any CVDs was 1.64, with the greater
subtype specific HR observed for HF (6.95, 1.88 to 25.68), during the first year after the
diagnosis of any stress related disorder [23]. Beyond one year, the HRs became lower
(overall 1.29), ranging from 1.12 for arrhythmia to 2.02 for artery thrombosis/embolus. It is
possible that stress disorders had strong association with all types of CVDs, including HF,
independent of family history of somatic/psychiatric diseases, and psychiatric comorbidity.

In a case–control study, the borderline personality disorder (BPD) group (n = 50) had a
higher prevalence of cardiovascular risk factors for CVD compared to the control group
(n = 50) [25]. Subjects in the BPD group revealed associations with chronic stress, major
risk factors, and abnormalities in the myocardial wall motion as revealed by STE. It seems
that chronic stress influences the structures in the cortico-limbic system and the nuclei
responsible for the regulation of autonomic function, eliciting an imbalance of sympathetic
and vagal activity, leading to adrenergic activation and withdrawal of vagal activity [24].
The adrenergic terminals of the nerves are connected to cardiac cells in a form of quasi-
synasis, resembling the neuro-cardiac junction. The release of norepinephrine is increased,
during chronic stress, leading to increased stimulation of cardiomyocytes via β1-adrenergic
receptors, causing mainly calcium dynamics and β2-adrenergic receptors, which control
housekeeping functions. There is impairment of the circadian rhythm of cardiomyocytes
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with elongation of the catabolic compared to the anabolic nocturnal phase, leading to a
depletion of cell energy storage, with a reduced turnover of cell constituents [24]. The
coupling concerning cardiomyocytes declines while there is an increase in the coupling
between cardiomyocytes and fibroblasts, with alteration in the shape and velocity of action
potential, fibroblast activation, and deposition of extracellular matrix. These alterations can
predispose stress-related arrhythmias and cardiomyopathy.

There is profound adverse impact of disturbed sleep, such as in shift work, on circadian
rhythms and of sleep on the cardiovascular system [26,27]. In a clinical study involving
784 consecutive patients, 165 patients had central sleep apnea, 139 had no sleep-disordered
breathing; the remainder had obstructive sleep apnea (OSA) [26]. The rate ratio of cardiac
readmissions in 6 months was 1.53; p = 0.03) in patients with central sleep apnea compared
to no sleep-disordered breathing. The results revealed that severe OSA was also an inde-
pendent predictor of readmissions with an adjusted rate ratio of 1.49 (p = 0.04). The impact
of breathing due to sleep disorder on cardiac readmissions in HF showed that central sleep
apnea was an independent risk factor for 6-month cardiac re-hospitalization. The effect
of central sleep apnea on admissions for CVDs including HF exceeded that of all known
predictors of readmissions [27].

4. Mechanisms and Pathophysiology of Pre-Heart Failure (PHF)

The mechanisms of adverse effects may be due to micro-inflammation in the mito-
chondrial signaling pathway [30], redox signaling in the cardiac myocyte [31] and Western
diet induced cardiac ceramide [32]. These adverse effects may be inhibited by antioxidants
either present in the diet or by antioxidant administration [33]. Oxidative dysfunction and
inflammation in the cardiac tissues predisposes intracellular Ca2+ overload, via activation
of proteases and phospholipases, mitochondrial dysfunction, and. alterations in cardiac
gene expression and accompanied with alterations in the molecular structure, biochemical
composition and physiology of various subcellular organelles. In turn, all these lead to
pathological subcellular remodeling or myocardial deformation.

5. Effect of Biological Risk Factor on Pre-Heart Failure

Acute coronary syndromes (ACS); in-particular myocardial infarction (AMI), is the
most common biological risk factor of PHF that may lead to CHF [34]. Other risk factors
are obesity [11,35–37], cardiomyopathy [38], valvular heart disease [39], HTN [40–42], and
DM [43–45]. On the other hand, AMI is a highly inflammatory state characterized with
marked increase in catecholamine, cortisol and aldosterone, insulin, lipoprotein and brain
natriuretic peptide. In turn, these induce acute reactants to fight the oxidative stress, which
is damaging to cardiac cells, neurons, beta cells, and nephrons [34,35,46,47]. In a clinical
study of a cohort of AMI survivors with ventricular dysfunction but no information of HF,
plasma aldosterone levels estimated in the initial couple of days after confirmation was
an independent indicator of remodeling [34]. Even in the absence of HF, higher plasma
aldosterone concentrations—after ST-elevation myocardial infarction (STEMI) and non-
STEMI—are associated with greater mortality. There is a consistent relationship between
higher aldosterone concentrations and greater adverse remodeling. Remodeling may be
due to the activation of both the cortisol and aldosterone limbs of corticosteroid synthesis,
which may be responsible for myocardial fibrosis, leading to PHF [34].

6. Speckle-Tracking Echocardiography via 2D and 3D Echocardiography

It seems that 2D echocardiography is the commonest modality for imaging in the
identification of cardiac hypertrophy [7,12–14]. However, in sub-clinical states, it is not able
to detect subtle changes in cardiac structure. Recently, strain echocardiography, which is
a new modality of echocardiography, has been found to identify subclinical dysfunction
of the myocardium through measurement of intrinsic deformation of the myocardium. It
is known that the co-existing abnormal conventional echocardiographic findings, such as
LV systolic and diastolic dysfunction, abnormal LV geometry and LVH, and dilatation of
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the left atrium, can cause poor prognosis associated with biological risk factors of PHF.
Since STE is a non-invasive modality examined using 2D and 3D echocardiography, it
can provide information about myocardial deformation. STE may be more accurate in the
detection of early cardiac ischemia and dysfunction of the myocardium undetected by the
conventional echocardiographic examination before onset of symptoms [7,12–14].

The intrinsic myocardial performance can be measured through assessment of the
strain rate and myocardial strain [40]. In addition, 2D-STE can be used to measure myocar-
dial strain, by tracking ultrasonic speckles that are small footprints in the myocardium in
2-D images [48]. The myocardial speckles are tracked in each cardiac cycle, frame-by-frame,
and the strain is calculated automatically by measuring the distances in the speckles [48].
It seems that deformation of the myocardium can show directions which include radial
strain, longitudinal strain (LS), and circumferential strain (CS), where LS is commonly
detected component of deformation assessed from averaging values. The left ventricular
LS (LVLS) is under the influence of several factors, such as the geometry of chambers,
the characteristics of myocardial tissue hemodynamic factors, and myocardial contraction
synchrony. There may be a decline in LVLS due to tachycardia and increase in LV afterload,
and the alteration in preload may be related to the change of LVLS [40]. Any increase in
the thickness of LV walls or in the dilatation of the cavity of the LV may cause a decline
in LS. There may be decline in the regional LS in the areas of infiltration as well as in the
myocardial fibrosis after MI [40,48]. In the presence of a left bundle branch block, non-
homogeneous myocardial activation can cause differences in the sequence of myocardial
contraction of the ventricular septum and the LV lateral wall. In addition, age and gender
can also affect LS. It is known that females have better LVLS values compared to males and
that older adults have lower LS values than younger adults. Figure 2 shows the structural
and functional alterations in various components of the heart due to risk factors of HF.
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7. Effects of Hypertension (HTN) on Development of Pre-Heart Failure (PHF)

The early identification of cardiac changes due to HTN may allow reversal of the
PHF [40–42]. HTN could be associated with complex and diverse alterations in the structure
and function of the heart due to direct pressure on the cardiac cells. LV longitudinal strain
during systole was impaired in patients with HTN and also in those with no LVH [41]. In
LVH, radial strain may be decreased, and circumferential strain and twist may be increased.
In hypertensive patients with normal EF, LS was significantly reduced, and basal-to-apical
torsion became higher [42]. Higher serum concentrations of the tissue inhibitor matrix
metalloproteinase-1, which is known to control myocardial collagen turnover, may be
found among patients with impairment in the LS and increased torsion in the LV in patients
with hypertension and normal LVEF. Excessive collection of collagens in fibroblasts may
progress to myocardial fibrosis, leading to early LV contractile dysfunction. Since high
blood pressure can impact all myocardial layers—including epicardial, mid-cardiac, and
endocardial—LS may be lower than normal. It seems that epicardial LS could be an
important predictor for CV events, including mortality and re-hospitalization in patients
with hypertension.

8. Effects of Obesity, Diabetes, and Metabolic Syndrome on Pre-Heart Failure

In individuals with excess body weight, several pathophysiological processes can
directly predispose the risk of PHF. These mechanisms are neuro-hormonal activation,
hemodynamic alterations, hormonal effects of dysfunctional adipose tissue, ectopic fat
deposition with resulting lip toxicity, and microvascular dysfunction. Overweight and
obesity may indirectly cause PHF via causal increases in high BP, dyslipidemia, metabolic
syndrome, and—most importantly—type 2 diabetes mellitus (T2DM) via producing insulin
resistance [11]. Lower physical activity and fitness can further predispose risk of PHF in
relation to obesity and insulin resistance (IR). These pathophysiological mechanisms may
lead to myocardial-injury-induced cardiac remodeling, which is first physiological but
later becomes pathological. The pathological remodeling is reflected via abnormal cardiac
biomarkers and cardiovascular (CV) function on STE myocardial imaging.

Recently, Galal and coworkers have reported the prediction of preclinical dysfunction
of the myocardium among patients with obesity and diabetes with preserved ejection
fraction, by use of STE and tissue Doppler imaging [11]. In their study of 240 subjects with
obesity, the results indicate that patients with obesity with T2DM should be advised to
undertake early tissue Doppler imaging and STE for early diagnosis of decreased cardiac
diastolic and systolic dysfunctions and cardiomyopathy [11]. These conditions are likely
to be missed by conventional echocardiography. Significant differences in regional and
global strains were also identified between the severely obese diabetic (BMI ≥ 35) (global
longitudinal pre-systolic strain, −13) patients compared to less obese subjects.

The CARDIOBESE study included 100 obesity patients (body mass index (BMI)
≥ 35 kg/m2) without known CVD and 50 age-matched and gender-matched non-obese
controls (BMI ≤ 30 kg/m2) [36]; 59 showed subclinical cardiac dysfunction. The data reveal
that 57 patients had decreased global GLS and that two patients with normal GLS had either
diastolic dysfunction or increased brain natriuretic peptide (BNP). In patients with obesity,
autonomic dysfunction was observed as a significant independent risk factor for preclin-
ical heart dysfunction. There was a greater prevalence (61%) of cardiac dysfunction in
obesity patients—which was subclinical and without known CVD—diagnosed by GLS. In
another case study, including 589 patients with obesity and 100 non-obese controls [37], the
value of GLS was significantly lower in obesity compared to non-obese controls (p < 0.001).
The values of global work index, efficiency, constrictive work, and wasted work in obese
patients were also significantly lower compared to non-obese controls (p < 0.05), while
global wasted work was significantly higher than that in nonobese controls (p < 0.001). It
seems that higher BMI in patients with obesity may produce a greater risk of subclinical LV
systolic dysfunction with coexisting normal LVEF [37].
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The STE may also be helpful in the identification of subclinical signs of cardiomyopathy
due to diabetes, although significant heterogeneity in the strain values has been reported in
the literature [43]. A meta-analysis involving 41 valid studies, which included 6668 subjects
with T2DM and 7218 controls, was carried out. The mean and mean difference (MD) in
each group were pooled for left ventricular (LV) GLS, LV global circumferential strain
(GCS), LV global radial strain (GRS), LV longitudinal systolic strain rate, left atrial reservoir
strain (RS), and right ventricular GLS for the assessment. Interestingly, those patients
with T2DM had 2 units lower LVGLS overall compared to control subjects (17.5%, vs.
19.5, mean difference = −1.96). The values of other strains were also lesser in patients
with T2DM: LVGCS (mean difference = −0.89; LVGRS (mean difference = −5.03; LVSR
(mean difference = −0.06; LARS (mean difference = −8.41; and right ventricular GLS (mean
difference = −2.41. Higher body mass index was identified as the single greatest contributor
to worse LVGLS, LVGCS, and LV strain rate. There was a worsening of right ventricular
GLS in patients with higher HBA1c. Myocardial strains were decreased in the whole
heart in T2DM patients. The largest decline was found in LA reservoir strain, followed
by right ventricular GLS and LVGLS. In patients with T2DM, a greater body mass index
was also associated with worse LV strain values. Table 3 illustrates the six stages of chronic
heart failure among patients with biological risk factors indicating pre-heart failure via
speckle-tracking echocardiography.

Table 3. Six stages of chronic heart failure among patients with biological risk factors indicating
Pre-heart failure via speckle-tracking echocardiography.

Stages of Chronic Heart Failure Obesity Diabetes Hypertension CAD

Pre-heart Failure Stage 1
Dysfunction of the twist

Normal or slightly
increased LVT, UNTR

Normal or slightly
decreased GLS Increased LVT Slightly decreased

LVT, UNTR

Pre-heart failure Stage 2
Sub-endocardial dysfunction

Slightly decreased
GLS, LVT, UNTR

Slightly decreased
GLS, LVT, UNTR

Increased LVT,
delayed UNTR
Decreased GLS

Decreased
LVT, GLS

Pre-heart failure Stage 3
Asymptomatic
physio-pathological remodeling+

Slightly increased LVT,
preserved GLS

Moderate decreased
GLS, LVT, UNTR

slightly increased
LVT, delayed
UNTR, preserved
GLS

Decreased
LVT, GLS

Complete heart failure Stage 4,
LVH, symptomatic, diastolic
dysfunction

Decreased LVT, UNTR,
depressed GLS

Decreased
GLS, LVT, UNTR

Preserved LVT,
delayed or
decreased UNTR,
decreased GLS

Decreased LVT,
decreased and
delayed UNTR,
decreased GLS

Complete heart failure Stage 5,
Severe LVH

Decreased
LVT, UNTR, GLS

Decreased
LVT, UNTR, GLS

Decreased
LVT UNTR, GLS

Decreased LVT,
UNTR, GLS

Complete heart failure Stage 6,
Severe LVH

Decreased LVT, UNTR,
GLS

Decreased
LVT, UNTRGLS

Decreased LVT,
UNTR, GLS

Decreased LVT,
UNTR, GLS

LVT = left ventricular twist, UNTR = untwist rate, CAD = coronary artery disease, GLS = global longitudinal
strain, LVH = left ventricular hypertrophy.

In a case control study, 150 subjects with mean age; 62 ± 10 years, 82 males (55%)
with metabolic syndrome were included, and they were divided into two groups based on
the presence of T2DM [44]. Apart from liver fibrosis, LV diastolic dysfunction was found
in 52% of the patients with diabetes and in 36% of non-diabetic patients with metabolic
syndrome (p = 0.04). In subjects with diabetes, there was an increased left atrial stiffness
(40% vs. 24%, p = 0.03) and decreased left ventricular GLS (47% vs. 16%, p < 0.0001) in
nondiabetics via 2D-STE. The link between stiffness of the liver and subclinical cardiac
dysfunction detected by 2D-STE in metabolic syndrome patients with T2DM is justified.
These parameters derived from left atrial and left ventricular 2D-STE may have greater
sensitivity compared to the older measurements and a substantial link to fibrosis of the
liver.
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In a case study, four groups of subjects were designated as Group I (n = 56), with
T2DM and moderate HTN [45]; Group II (n = 52), with T2DM with normal blood pressure;
Group III (n = 54), with grade II HTN without diabetes; and Group IV (n = 30, control),
healthy subjects. The results showed that diastolic dysfunction was significantly (p < 0.05)
more common in patients with a combination of T2DM and moderate HTN in contrast to
patients with diabetes without HTN or those with HTN without diabetes. The combination
of T2DM and HTN was associated with an increase in the longitudinal global deformation
of the left ventricle compared with patients who had only one of these diseases (p < 0.05). A
decrease in the global area strain, an early marker of LV systolic dysfunction, was expressed
(p < 0.05) in patients with T2DM, regardless of the presence of concomitant HTN [45]. This
study further shows the utility and necessity of tissue Doppler echocardiography and
STE in the diagnosis of subclinical HF. The results reemphasize that high prevalence of
subclinical systolic–diastolic LV dysfunction in T2DM may be aggravated in the presence
of concomitant HTN in patients without obvious clinical signs of PHF and other CVDs.
Although twist dysfunction is the beginning of PHF [48], there is a need to examine GLS in
these patients [49].

9. Oxidative Function and Dysfunction in the Pathogenesis of Pre-Heart Failure

Risk factors may cause inflammation due to oxidative dysfunction in the cardiac
ultra-structure. However, it is not well known how oxidative function of the myocardium
and oxidative dysfunction can cause physio-pathological remodeling, predisposing to
HF [2,48,50]. During metabolism, a small amount of reactive oxygen species (ROS) is
generated in the cells for cell signaling, which may be spontaneously modulated by the
endogenous antioxidant defenses to perform the oxidative function of the myocardium.
Protective factors such as Indo-Mediterranean diets and physical training without any
harmful health behaviors may be helpful in sustaining the oxidative functions of the heart
and delay the development of cardiac cell dysfunction responsible for PHF. Oxidative
stress is characterized by an imbalance in the generation of ROS and the availability
of endogenous antioxidant enzymes and other defenses [18]. In the myocardial cells,
the development and progression of maladaptive myocardial remodeling could be an
early stage of HF with decline in GLS. Cardiac electrophysiology could be impaired by
targeting contractile machinery and cardiac components via the dysfunction of proteins
that are crucial to excitation–contraction coupling (ECC), including sodium channels, L-
type calcium channels, potassium channels, ryanodine receptor (RyR), sarcoendoplasmic
reticulum calcium ATPase (SERCA pump), and the sodium–calcium exchanges [2,18,51,52].

The biological alterations may begin with physiological cardiac cell remodeling to
pathological remodeling due to uncontrolled increase in oxidative stress, inflammation and
infiltration of fibrosis, which may increase many folds due to presence of other behavioral
and biological risk factors [9–11]. In the presence of the risk factors, the generation of
ROS could be enormous compared to the buffering ability of the cellular endogenous
antioxidant defenses [2,7,48,50]. The increased production of ceramide due to high sugar
and high fat in the diet also induces high advanced glycation end-products (AGE) and
triamino-methyl-N-oxide (TMAO), which can predispose oxidative dysfunction due to
over-loading of cytosolic calcium in the cardiac cells. These biological alterations may result
in damage to protein and DNA, peroxidation of lipids with an increase in troponin T [2],
and cell damage due to apoptosis [2,51,52]. Figure 3 reveals oxidative dysfunction in the
heart due to Western diets and other risk factors with a decrease in antioxidant defenses,
causing mitochondrial dysfunction and leading to electrophysiological dysfunction due to
derangement in cation-transporting proteins (including L-type calcium channels, potassium
channels, RyR). SERCA and NCX also showed twist and sub-endocardial dysfunction.
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Figure 3. Oxidative dysfunction in the heart due to Western diets and other risk factors leading to
decreases in antioxidant defenses causes mitochondrial dysfunction, leading to electrophysiological
dysfunction with twist and sub-endocardial dysfunction. Exogenous antioxidants (HEART diet) and
lifestyle modification may improve antioxidative function with reduced Ca overloading and reversal
of mitochondrial and electrophysiological dysfunction. (Modified from Reference [18], Vander Pol
A, Euro J Heart Failure 2019, under the license http://creativecommons.org/licenses/by-nc/4.0/,
accessed on 1 January 2024).

Oxidative dysfunction may alter the activity of RyR and SERCA, which are associated
with cellular calcium mobilization. In turn, this can lead to a decline in myofilament cal-
cium sensitivity and protein function as well as in energy metabolism, resulting in diastolic
dysfunction [51]. Thus, oxidative dysfunction induces loss of cardiac cells due to apoptosis,
development of fibrosis, and alteration of physiological remodeling to pathological remod-
eling of the myocardium. Oxidative dysfunction can predispose a pro-fibrotic function as a
physiological adaptation by causing the proliferation of cardiac cells, such as fibroblasts
and matrix metallo-proteinases, for extracellular remodeling, initiating the hypertrophy
of the heart [2,51,52]. The hypertrophy of the heart may be in multiple stages, depending
upon the extent of oxidative dysfunction in the cardiac cells. These stages of PHF may be
classified into six stages of HF, depending upon the effects of pathological remodeling on
cardiovascular hemodynamics and electrophysiological dysfunction causing dysregulation
in the twist and sub-endocardial function. Table 4 shows the clinical and echocardiographic
features of six stages of heart failure proposed in patients with risk factors of heart disease.

It is crucial to know the biology of the six stages of HF via an understanding of twist
function which may be the earliest change during oxidative dysfunction of the heart and
that may require grading of the LV twist [39,53,54]. It is clear from the apex of the left
ventricle that the cardiac twist or torsion indicates the mean longitudinal gradient of the
net difference in the clockwise and counterclockwise rotation of the apex and base of the
LV [55–57]. There is a storage of the cell energy during deformation of the LV twist in the
sub-endocardial fiber matrix to complete the recoil. It is possible that it may facilitate release
of restoring forces, causing further deformation in the recoil of twist and thus contributing
to diastolic relaxation of the LV with early diastolic filling [48,55–57]. Interestingly, despite
the normal ejection fraction, the systolic function could also be dysfunctional. Therefore,
there may be greater subtle defects with a decline in the left ventricular systolic long axis
at earlier stages of PHF. Bath et al. [12] have also emphasized the above points about the
earlier diagnosis before the clinical manifestations of CHF. Lastly, HF may be reversed if
behavioral risk factors—in particular, nutritional factors—are duly considered during the
management of HF [58–61]. The clinical value of GLS is being gradually established to
ascertain the atrial function [62] in patients with acute myocardial infarction [63,64].

http://creativecommons.org/licenses/by-nc/4.0/
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Table 4. Clinical and echocardiographic features of six stages of heart failure proposed in patients
with risk factors of heart disease.

Stages (HT on HF) Manifestations 2D Echocardiography 2D Speckle-Tracking
Echo

3D Speckle-Tracking
Echo

Stage A
Mild to moderate Oxidative
dysfunction, neuro-humoral
dysfunction begins.

Increasing filling pressure
with abnormal relaxation.

Dysfunctional untwist
rate.
LA strain reduced.

Dysfunctional untwist
rate,
LA strain reduced.

Stage B
Moderate oxidative
dysfunction, hyper-rotation.
Sub-endocardial dysfunction.

Dysfunction of systole.

Dysfunctional untwist rate
and increased diastolic
pressure. LA strain
decreased.

Dysfunctional untwist rate
and increased diastolic
pressure. LA strain
decreased.

Stage C, PHF
Asymptomatic
Physio-Pathological
remodeling+.

EF% normal > 53% Normal GLS −20–−23%
≥−27.0% area strain

Normal GLS −17–21%
Normal AS −31–−36%

Stage D, PHF and
HFpEF

Pathological remodeling
disease without symptoms of
HF but elevated Natriuretic
peptide, dyspnea on exertion.

EF% ≥ 50%
Systolic LV dysfunction.

EF% 40–49%
Impaired GLS −16–20%
Impaired GCS, GRS
Impaired early diastolic
SR, right ventricular LS,
and global RV
longitudinal SR.

Impaired GLS−16–20%
Impaired AS −27–31%

Stage E, HFmrEF Structural heart disease with
symptoms of HF.

EF% 40–49%
Grade 1, diastolic
dysfunction.

Reduced GLS−12–16%,
reduced GCS, GRS,
treat with ACE,
ARB.ARNI.

GLS ≤ −16%
AS ≤ −27%

Stage F, HFrEF Refractory
class III HF. EF% < 40% All above GLS < −12%,

treated with ARNI
GLS < −13%
AS < −27%

HT = hypertension, HF = heart failure, AS = aortic stenosis, HFpEF = Heart Failure with Preserved Ejection
Fraction, GLS = global longitudinal strain, GCS = global circumferential strain, GRS = global radial strain, LV = left
ventricle, SR = strain rate, ARNI = angiotensin receptor neprilysin inhibitor, mrEF = mild reduction in ejection
fraction (EF), r = reduction in EF, LA = left atrial (Adapted from Reference [2]).

10. Modalities in Assessing Heart Failure

It seems that conventional echocardiography (CE) with color-encoded Doppler, pulsed,
and continuous-wave Doppler are the best modalities for non-invasive imaging in the
quantitative assessment of valvular heart diseases and cardiomyopathy [12,14]. However,
left ventricular GLS is now considered as a more sensitive measure of LV myocardial systolic
function compared to LVEF. Therefore, recent guidelines for diagnosis and treatment of
valvular heart disease, CAD and cardiomyopathies emphasize the value of LVEF as one of
the main parameters for the clinical decision-making [1,14]. Despite these considerations, it
has been found that left ventricular GLS is a classical sensitive marker of LV contractility
and inotropic state [1–3]. Therefore, GLS could be a better indicator of prognosis compared
to LVEF in patients at increased risk of HF. Recent techniques for imaging, such as strain and
computerized magnetic resonance, can quantify structural alterations—including cardiac
mass, fibrosis, shape, and functional parameters; EF; blood flow; and other alterations
most accurately with improved temporality. It is possible that the same information can
have tremendous benefit in the planning of treatment and monitoring of health care in
these patients. STE via 2D echo and 3D echo, and computerized magnetic resonance
imaging (CMSI) may be beneficial in the identification of ACC Stage A, B, and C patients
by detecting abnormal subclinical myocardial dysfunction and deformation at the earliest
stages of PHF.

11. Limitations and Disadvantages

STE via the 3D echo is a novel technique, but it has limitations due to lower temporal
resolution compared with 2D echo. Apart from this, the acquisition requires excellent
windows and quality of image. The normal metrics in STE are quite vendor-sensitive;
therefore, the normal values range for GLS, range from −18.5% to −22.0%. Moreover,
there are gender-specific differences in the normal values of GLS, global circumferential
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strain, and central circumferential strain. Another disadvantage is that speckle motion is
measured more at the endocardial border and less in the myocardium. In addition, the
cardiologist/physician must understand and standardize the methodology and generate
data for normal values that can be standardized for clinical use for each modality and
across modalities to factor these into guidelines.

12. Prevention Strategies for Pre-Heart Failure and Consequences for
Clinical Cardiologists

The pillars in the prevention strategies for pre-heart failure are related to lifestyle
changes, the regulation of blood glucose levels, modification of risk factors for the devel-
opment of CVDs and the treatment of HF combined with an element of psychological
intervention to adhere to daily treatment and follow up educational programs by health
professionals. Achieving euglycemia reduces the risk of major cardiovascular events, such
as myocardial infarction or stroke, and the likelihood of developing pre-heart failure [65].
Other strategies involve early healthy screening tests, smoking cessation, limiting alco-
hol consumption and salt intake, reducing body weight, and avoiding obesity by eating
moderate amounts daily and regular aerobic exercise are the cornerstones in terms of
lifestyle change. The susceptible patient must also focus on a nutritious diet, such as the
Mediterranean diet, which is low in sodium, fats, and carbohydrates but high in fruits,
fibers, vegetables, and whole grains—foods which are rich in antioxidants—to manage
blood pressure and weight [66]. Regular physical activity, as recommended by the Physical
Activity Guidelines for Americans, plays a vital role, with a suggestion of at least 150 min
of moderate aerobic exercise weekly to maintain cardiovascular health [67]. Achieving and
maintaining a healthy weight range, ensuring adequate sleep, and reducing or managing
stress levels and blood pressure are crucial. It is also important to take medication as
prescribed and to avoid medications which may trigger arrhythmia.

Missed opportunities of early diagnosis are incidents in which different actions by
the clinical cardiologist involved could have resulted in more desirable events. Thus, early
screening and diagnosis can give the cardiologists more time to find a treatment that can
keep the symptoms of the patients in check and prevent total HF and other health issues.
The cardiologist must undertake a blood test for early markers, an electrocardiogram (ECG)
to determine ant derangement in electrical activity of the heart and follow up with an
echocardiogram or ultrasound technique to determine any dysfunction of the sound wave
and valves of the myocardiogram. It is well established that HF is a complex clinical
syndrome presenting as symptoms and signs common to other diagnoses, frequently in
patients with multiple co-morbidities. HH itself is not a diagnosis, but it is the common
clinical presentation of a variety of cardiac conditions. Correct diagnosis involves a combi-
nation of the clinical presentation, the results from general and specific investigations and
diagnoses, and the ability of the clinical cardiologist to analyze the information for early
intervention and treatment. Misdiagnosis can occur at any level during the development of
HF and can occur because of factors related to the patient, the cardiologist and the health
systems. As such, delayed diagnosis can lead to early—as well as excess—morbidity and
mortality in these patients [40].

13. Conclusions

The continuous progression of the disease, occurring in PHF, begins with cardiac and
neuro-humoral dysfunction initiated by behavioral and biological risk factors of HF. It
seems that 2D echocardiography is considered the primary non-invasive imaging tool for
the diagnosis of patients with CHF and for the assessment of prognosis. Both 2D echo
and 3D echo have been used as the cornerstone or gold standard in the assessment of
cardiomyopathy and valvular heart disease (VHD) and the method of choice in identifying
and evaluating the morphology and severity of aortic, pulmonary, tricuspid, and mitral
valve diseases. The combined use of 2D echo and 3D echo and STE has improved image
quality and early diagnosis of cardiac dysfunction by identifying GLS and area strains
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as well as twist and untwist of the heart. Since ejection fraction does not indicate HF in
many patients with PHF, and it is inconclusive in cardiac-dysfunction-causing PHF, there
is an urgent need to develop and create evidence on the role of cardiac strain in the early
diagnosis of HF. It is possible that GLS by STE analysis could be an accurate method in
the early diagnosis of the severity of CAD in patients presenting with non-ST segment
elevation (NSTSE) myocardial infarction as well as in subjects with behavioral risk factors
and biological risk factors, who are likely to have PHF.
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